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Abstract:


The professors of Biology 120 at Oberlin have long expressed interest in incorporating simulation modeling into their curriculum.  This project is intended to serve as a template for a future laboratory exercise in this course.  The objective is to help students understand the significance of modeling and systems thinking in the study of life sciences, specifically ecology.  Through building a population model utilizing r (growth rate) and k (carrying capacity) coefficients, students will gain a greater understanding of these two terms and how they relate to organisms’ life strategies.  Students will also work with a Lotka-Volterra model to further their understanding of predator-prey relationships and how systems modeling can be useful for exploring the dynamics of these systems.
Background:

The Biology department has been looking to integrate a modeling lab into their introductory Biology 120 course.  After consulting Mary Garvin, one of the course lecturers and lab instructors, a lab focusing on population dynamics (Lotka-Volterra) and general reproductive strategies (i.e. r- and k- selection) seemed most appropriate.  The Lotka-Volterra formulation describes a predator and prey community that exhibits periodic oscillations resulting from the negative feedback characterizing the relationship between the two species.  This is an important concept in the basic study of ecology and is thus covered in the Biology 120 class.  Reproductive strategies are also covered in some depth in this course.  Organisms have evolved various strategies for successful reproduction.  Over time, some organisms (r-selected species) have evolved to utilize a very high birth rate in order to produce as many offspring as possible with the hope that at least some of them will survive to reproductive age.  This strategy is common in species that reproduce when resources are abundant.  This strategy focuses on a high r coefficient (growth rate) which, when modeled, results in exponential population growth.  This is what would occur for r-selected species if there were no limiting factors (predation, environmental limitations, etc.).  Other species (k-selected) have evolved strategies that are better served in environments where there is somewhat fierce competition for resources.  These organisms produce few offspring, but nurture them significantly, increasing the chances that these individuals will reach reproductive age.  In this sense, their reproductive strategy has evolved to focus on the carrying capacity of the population.  The STELLA models for these topics had already been introduced in ENVS 340.  The task for this project was then to adapt these two models to a three hour lab period to be used in the Biology 120 lab curriculum.  [Seems like you might want to include this sort of background in the exercise handout – probably referenced to appropriate sections of the text book]
Developing modeling skills and a systems perspective is important for students in many disciplines.  Currently, biology and environmental science students can gain a degree from Oberlin College without being exposed to modeling. This project would serve to provide all Oberlin Biology and Environmental Studies students with some modeling experience, or at least expose them to how modeling can be utilized to increase understanding of biological (and other) systems.  Our objectives in creating this lab were 1) to introduce modeling and the systems perspective in the Biology 120 curriculum and 2) to reinforce the students’ understanding of the concepts outlined above using modeling.  Coming out of this lab, students should have a basic understanding of the importance of systems modeling and how it helps to explain and explore various systems [good].
We also hope these modeling exercises will teach the students about the dynamics of feedback.  [i.e. systems approach]
Instructions:

We created two models for use in this lab period.  The students are walked through building the first model.  This first exercise explores the dynamics of k- and r-selected species while teaching them how to build a basic model using STELLA.  We built the second model for the students to give them the opportunity to explore the population dynamics of the Lotka-Volterra predator-prey system without having to build the model themselves.  Students are also challenged to perform a rough calibration of this model based on real data that has been provided for them.  We have provided background and introductory questions at the beginning of the lab to introduce the systems-thinking approach.  See the lab handout for complete instructions.
Questions:
​
The questions for this modeling assignment are in the lab handout which follows current Biology 120 standards and format. [what happens to answers to these questions?  Are these reviewed by TAs or instructors, or are they purely intended to stimulate thinking?]
Conclusions:


Based on the feedback we have received thus far, the lab we created seems like it will be integrated into the Biology 120 curriculum in the near future.  Developing a lesson plan proved to be more difficult than we expected.  There is fine line between providing too much and too little information in any teaching environment.  The challenge for us was to keep the students stimulated and thinking while also providing them with the platform they needed to accomplish the assignment and our objectives.  It also proved difficult to provide explicit directions for working in STELLA that avoided confusion because we were already comfortable with the software after a full semester class.  What we have created is a good template for future revision and the prospects for eventual implementation are exciting. [yes, lots of balancing to do here]
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Summary Report: 
Our project is a bit different from the other projects of the class.  Unlike the other groups who developed either a heuristic or research model on their own, our group undertook the task of working with the logistic, exponential, and the Lotka-Volterra models, which had already been presented to our own class.   Instead of building a new model, our task was to develop an exercise that would help teach modeling along with the concepts of predator prey dynamics and r- and k-selected species.  Given that we knew our audience would be the Genetics, Evolution, and Ecology (Biology 120) class, we knew that our product would be structured in its laboratory format.  We needed to think about how to present the information to the class in the given three hour lab period while still making STELLA and systems modeling concepts accessible to Biology 120 students.  


Developing an appropriate pedagogical method for teaching the concepts of STELLA, systems modeling, predator prey dynamics, and reproductive strategies was our biggest challenge.  After some experimentation, we decided as a group that it would be best to allow the students to build the simpler model (i.e. exponential and logistic growth) for themselves first, and then to give the students the opportunity to explore an already-built, more complex model (i.e. Lotka-Volterra) through which they would be guided by questions.  We thought that this order would be the best way for the students to quickly become accustomed to STELLA so that by the time they reached the Lotka-Volterra section of the lab, they would be capable of exploring and not be overwhelmed.  After hearing the reactions of two current Biology120 first-year students, it became evident that while this strategy did help to familiarize them with STELLA, building the first model was difficult without first being exposed to a simple model [interesting.  I wonder if more screen shots would have helped or if a presentation in class that includes some sort of model would have helped – perhaps the dynamics of a population living on a non-renewable resource could have been used].  In future revised versions of this exercise, this addition should be made to remedy the problem these students identified.  These students also expressed interest in more challenging questions and perhaps even more application of the concepts they learned throughout the lab (i.e. more complex conceptualizations of systems and analogies).  Changes were made to the lab based on these suggestions.  In addition, the students mentioned a desire to have the lab deal with more concepts from Biology 120 lectures.  While this is a great idea in general, it did not seem feasible to cover more information than we already presented.  Further testing is necessary to determine whether our changes were effective and to continue refining the lab.

In carrying out this project, we collaborated on all aspects of the process.  Initially, we decided on one definitive pedagogical method based on multiple discussions in which we came to a consensus on the build first, observe second structure.  Together, we wrote the first draft of the lab handout in which we provided background, instruction, and some focused questions.  Nathaniel concentrated most heavily on the editing of this document by fleshing out the background information (using ENVS340 lecture material) and by formalizing and adding questions to fit Biology 120 lab handout structure.  Lauren also spent time editing the lab and also built the interfaces of both models.  Together we all contributed to calibrating the Lotka-Volterra model to the Hudson Bay pelt data.  Louie facilitated the “test-run” of the lab with two current Biology 120 students, in which he was nearby to answer any questions they had.  He also stayed afterwards to discuss the lab with the students after they were finished working on it, in order to get input from them about the strengths and weaknesses of our work. The formal write-ups and presentation were mostly worked on together.  We were all present at a meeting with Mary Garvin in which she looked through the lab handout and interfaces and gave us suggestions and also expressed a strong interest in meeting with us (and you) during commencement to refine the lab further.  We hope to set up a meeting just after finals to begin this process.
Criteria:

E.1) Heuristic model: Documentation and summary report (3-5 pgs of text total):

Documentation should be written in the form of a handout that the intended audience will receive together with the STELLA model. Model and documentation should form a self-contained unit that your intended audience members can easily follow to learn your desired lesson.  Documentation should contain the following sections (include these headings): 

· Abstract: One paragraph summarizes background, approach and learning objectives of the exercise. [good.  Seems like distinguishing three objectives would be useful: 1) introduce systems thinking concepts (feedback and system as cause) 2) introduce modeling as both  research and learning tool (including limitations of modeling as a tool) 3) reinforce material already presented in class through use of modeling and demonstrate relevance of modeling to things that they are already familiar with]
· Background: Sets context for the model. Briefly reviews the topic, citing related literature. Describes how/why modeling provides a useful approach. Clearly describes objectives. [yes, see comments in text]
· Instructions: Provides a step-by-step description of how the intended audience should use the model. Describes simulation scenarios. [see comments inserted]
· Questions: Pose a set of questions that stimulate your intended audience to accomplish your learning objectives and that assess whether they have done so. [see comments]
· Conclusions: Summarizes the significance of the exercise. [this seems lacking to me – need to wrap up their work with something that brings lessons home]
· Literature cited: Use literature cited format of American Naturalist. 
· STELLA model: Should be structured so that it is easy to interpret and to use and should contain internal documentation that complements information on the handout.  [see comments]
· Summary report: a 1-2 page appendix to your report for me (not for your audience) that describes and explains your choice of modeling formulations, provides additional information related to the construction and use of the model, and details the role of each group member in developing the model.  Cite at least three sources of literature that you used in developing your model and explain how you used them. [see comments]
Louis, Nate and Lauren:

You have done a fine job creating a first draft of a promising exercise for 120!  As my comments within the exercise indicate, I think there is quite a bit of work left to bring this to a form that can be implemented, but  the overall content and structure appear to be quite sound.  See extensive comments in the text of both documents.

Presentation:

Your class presentation was excellent.  You maintained good eye contact, a high level of enthusiasm and were both clear and organized.  Excellent job of answering questions.
